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Introduction
NR shall support flexible time domain resource allocation for DL and UL data transmission. At RAN1 #88bis it was agreed that the duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. The details for this flexible scheduling mechanism are still FFS including how to indicate duration in number of symbols, slots or a combination of symbols and slots. This contribution discusses details of DL/UL time domain data resource allocation. 
Time domain resource allocation
Time domain scheduling use cases
In this section, we categorize the time domain scheduling scenarios into four cases listed below.
Case 1: single-slot scheduling


Figure 1: single-slot scheduling
Case 2: slot aggregation scheduling


Figure 2: slot aggregation scheduling
For single-slot and slot aggregation scheduling, both same-slot scheduling and cross-slot scheduling are supported for both UL and DL as per the agreement. For slot aggregation scheduling, the allocated slots may be contiguous or non-contiguous, and the allocated symbols within each slot may or may not be the same. 
In addition, the data channel may or may not occupy the entire slot. 
Case3: mini-slot scheduling
[bookmark: _GoBack]Mini-slot scheduling is also supported in NR. 
It has been agreed that mini-slot length can be from 1 to slot length-1. Whether the mini-slot length is fixed or dynamic from UE perspective has not been agreed. It is preferred that dynamic mini-slot length can be supported for more flexible scheduling.


[bookmark: _Ref489882557]Figure 3: mini-slot scheduling #1


[bookmark: _Ref489882601]Figure 4: mini-slot scheduling #2
Case 4: slot and mini-slot aggregation scheduling
For slot and mini-slot aggregation scheduling, one or multiple mini-slot(s) and one or multiple slot(s) can be allocated via one grant as shown below.
Although the time domain resource allocation can be indicated similar to case 3 in unit of symbols, the overhead would be too high since the number of symbols of data channel can be large.


Figure 5: slot and mini-slot aggregation scheduling
Time domain resource allocation methods
In this section, we provide different options for time domain resource allocation for the above use cases.
· Option 1: starting position + ending position
This option indicates a starting position and an ending position which can allocate contiguous slot(s) for case 1 and case 2 and contiguous symbol(s) for case 3 and case 4.  bits are required to indicate starting position assuming there are S possible starting positions.  bits are also required to indicate ending position assuming there are E possible ending positions.
· Case 1: single-slot scheduling
For single-slot scheduling, the starting slot and ending slot are the same so that only the slot index needs to be indicated. The slot index should be a relative slot position with respect to the slot containing the corresponding PDCCH. The set of possible starting positions can be pre-defined or pre-configured. Additional bits are required if symbol-level resource allocation within the slot is indicated.
· Case 2:slot aggregation scheduling
For slot aggregation scheduling, both starting slot and ending slot need to be indicated. The ending slot is also a relative slot position. Moreover, it is preferred that the ending slot is relative to the starting slot rather than the slot containing the corresponding PDCCH. Similarly, the set of possible ending slot positions can be pre-defined or pre-configured. Additional bits are required if symbol-level resource allocation within the slots is indicated.
· Case 3: mini-slot scheduling
For mini-slot scheduling, both starting symbol and ending symbol need to be indicated to support flexible transmission durations. The starting and ending symbols can be relative positions similar to case 2, i.e. the starting symbol is relative position with respect to the starting symbol of PDCCH while the ending symbol is relative position with respect to the starting symbol. Alternatively, the starting and end symbols can be absolute symbol indexes within the slot. For example, if flexible mini-slot length from 1 to  and arbitrary starting symbol within the slot are supported, , i.e. the number of required bits is 6 bits for 7-symbol slot and 8 bits for 14-symbol slot.
· Case 4: slot and mini-slot aggregation scheduling
For slot and mini-slot aggregation scheduling, both starting and ending positions need to be indicated. The starting position can be indicated by the starting symbol within the starting slot, where the starting slot is indicated like case 1. The ending position can be indicated by the ending symbol within the ending slot, where the ending slot can be indicated like case 2.
· Option 2: starting position + duration
This option indicates a starting position and a duration which can allocate contiguous slot(s) for case 1 and case 2 and contiguous symbol(s) for case 3 and 4.  bits are required to indicate starting position assuming there are S possible starting positions. bits are required to indicate ending position assuming there are D possible ending positions.
· Case 1: single-slot scheduling
Given that only starting slot needs to be indicated, option 2 is the same as option 1 for case 1.
· Case 2:slot aggregation scheduling
Given that the ending slot in option 1 is defined with respect to the starting slot which is equivalent to the duration, option 2 and option 1 are equivalent for Case 2. 
· Case 3: mini-slot scheduling
The number of symbols is indicated instead of ending symbol. In order to support flexible mini-slot length from 1 to , , but the number of required bits is the same as option 1, i.e. 6 bits for 7-symbol slot and 8 bits for 14-symbol slot.
· Case 4: slot and mini-slot aggregation scheduling
For case 4, the ending slot position can be indicated by the duration of slots from the starting slot. Option 2 is equivalent to option 1 for case 4.
· Option 3: bitmap
This option indicates allocated slot(s) and symbol(s) via bitmap which can allocate non-contiguous slots for case 2, non-contiguous symbols for case 3 and non-contiguous slots and/or symbols for case 4.
Furthermore, the bitmap can be used to indicate the time domain resource allocation:
· Option 3-1: from the start of PDCCH, or
· Option 3-2: from the start of data channel and the start of data channel is separately indicated. 
· Case 1: single-slot scheduling
For single-slot scheduling, a bitmap can be used to indicate starting slot which is the same as ending slot. The number of required bits is the number of slots from the slot containing PDCCH to the starting slot. Given that  if N>1, the overhead of option 3 is always higher than option 1 and 2 without more flexibility. Therefore, option 3 is not reasonable for case 1.
· Case 2:slot aggregation scheduling
Similar to case 1, it is not reasonable to use bitmap to indicate the starting slot, i.e. option 3-1 is not reasonable for case 2. For option 3-2, bitmap is used to indicate the allocated slots from the starting slot and the starting slot can be indicated in the same way as option 1 and 2. The bitmap length is the number of maximum aggregated slots.
· Case 3: mini-slot scheduling
For mini-slot scheduling, both option 3-1 and option 3-2 can be applied. 
If the number of symbols from the starting symbol of PDCCH to the ending symbol of data channel does not exceed the slot length as shown in Figure 3, the bitmap lengths for both option 3-1 and option 3-2 are slot length. Otherwise as shown in Figure 4, the overhead of option 3-2 is smaller. The bitmap length is maximum mini-slot length.
· Case 4: slot and mini-slot aggregation scheduling
For case 4, bitmap can used to indicate the allocated slots from the starting slot. In addition, bitmap can be used to indicate the symbol-level resource allocation within the first and last slots. Although symbol-level resource allocation for other slots can also be indicated, it is not considered due to high overhead.
· Option 4: pointer to the entry in the set
In this option, a set of possible time domain resource allocations is semi-statically  configured for the UE. A time domain resource allocation field in the scheduling DCI provides a pointer to an entry in the set.This option is better for contiguous resource allocation with limited combinations of time domain resource allocations.

Based on the analysis above, option 3 can support non-contiguous resource allocation. However, the overhead could be high. For example, for slot aggregation scheduling, assuming the aggregated numbers of slots are 1, 2, 4 and 8, 8 bits are required to indicate slot-level resource allocation while only 2 bits are required if ending slot or slot duration is indicated. In addition, note that even for contiguous resource allocation, network can preconfigure certain symbol(s) and/or slot(s) that cannot be used for data transmission similar to invalid subframe configuration in eMTC and NB-IoT. Therefore, it is preferred to support contiguous slot and/or symbol allocation only considering the overhead.
Furthermore, in order to have a unified solution for all the four cases, it is preferred that the slot-level resource allocation is indicated by a starting slot and optionally the number of slots considering that single-slot scheduling is a special case of slot aggregation with the number of slots equal to one. For symbol-level resource allocation, starting and ending symbol indexes within the slot is preferred taking case 4 into account.
Proposal 1: The slot-level resource allocation is indicated by a starting slot and optionally the number of slots while the symbol-level resource allocation is indicated by starting and ending symbol indexes within the slot.
For different cases and combination of cases, the presence of the fields is summarized in Table 2.
Table 2: Presence of the fields for different cases
	
	Starting slot
	Number of slots
	Starting symbol
	Ending symbol
	Comment

	Case 1
	Mandatory
	N/A
	Optional
	Optional
	

	Case 2
	Mandatory
	Mandatory
	Optional
	Optional
	

	Case 3
	N/A
	N/A
	Mandatory
	Mandatory
	

	Case 4
	Mandatory
	Mandatory
	Mandatory
	Mandatory
	The starting symbol field indicates starting symbol within the 1st allocated slot while the ending symbol field indicates the ending symbol within the last allocated slot.

	Case 1&2
	Mandatory
	Mandatory
	Optional
	Optional
	Case 1 is a special case of case 2.

	Case 1& 3
	Mandatory
	N/A
	Mandatory
	Mandatory
	For case 1, the starting symbol and ending symbol indicate the symbol-level RA within the allocated slot.

	Case 1&4 / Case 3&4 / Case 1&3&4
	Mandatory
	Mandatory
	Mandatory
	Mandatory
	Case 1 and case 3 arespecial cases of case 4.

	Case 2&3 / Case 1&2&3
	Mandatory
	Mandatory
	Mandatory
	Mandatory
	The starting symbol and ending symbol indicate the symbol-level RA within each allocated slot.
For case 3, the starting symbol index can be larger than the ending symbol index to support mini-slot scheduling across slot boundary if needed.

	Case 2&4 / Case 1&2&4 / Case 2&3&4
	Mandatory
	Mandatory
	Mandatory
	Mandatory
	1) The starting symbol field indicates starting symbol within the 1st allocated slot while the ending symbol field indicates the ending symbol within the last allocated slot.
2) Alternatively, DCI indicates whether starting symbol field indicates starting symbol within the 1st allocated slot while the ending symbol field indicates the ending symbol within the last allocated slot, or the starting symbol and ending symbol indicate the symbol-level RA within each allocated slot.



The above field(s) can be indicated by separate fields in DCI. Taking case 4 (aggregation of slots and mini-slots) as an example, totally  bits are required. Assuming there are 4 possible starting slot positions and 4 possible slot durations, 10 bits are required for a 7-symbol slot structure to support arbitrary starting and ending positions within the slot.
Alternatively, the set of combinations of starting slot, number of slots, starting symbol and ending symbol can be semi-statically configured for the UE as described in Option 4. DCI indicates a pointer to an entry in the set. According to the same assumption above, there are totally 4*4*7*7=784 entries in the set which require 10 bits as well.
Proposal 2:DCI indicates separate information of starting slot, number of slots, starting symbol and ending symbol, or DCI indicates a pointer to an entry in a pre-configured set of combinations of starting slot, number of slots, starting symbol and ending symbol.
Conclusion
This contribution discussed details for time domain resource allocation with the following proposals.
Proposal 1:The slot-level resource allocation is indicated by a starting slot and optional the number of slots while the symbol-level resource allocation is indicated by starting and ending symbol indexes within the slot.
Proposal 2:DCI indicates separate information of starting slot, number of slots, starting symbol and ending symbol, or DCI indicates a pointer to an entry in a pre-configured set of combinations of starting slot, number of slots, starting symbol and ending symbol.
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